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DirectorΩs Message 

Since our last newsletter, the SCALE Team 

has become involved in many exciting 
projects for the US Nuclear Regulatory 

Commission (NRC), as well as the US 
Department of Energy (DOE) Nuclear 
Criticality Safety Program (NCSP).  

Non-LWR Severe Accident Analysis 

The first NRC project was initiated with the 
planning document entitled NRC Non-Light 
Water Reactor (Non-LWR) Vision and 

Strategy, Volume 3: Computer Code 
Development Plans for Severe Accident 

Progression, Source Term, and Consequence 
Analysis (https://www.nrc.gov/docs/ 

ML1909/ML19093B404.pdf). This work is a 
collaboration between the NRC, Oak Ridge 
National Laboratory (ORNL), and Sandia 

National Laboratories (SNL). We are using 

SCALE to provide data to {b[Ωǎ MELCOR 
team on nuclide inventory, along with data 
on decay heat at initiation and during 

evolution of a severe accident. The MELCOR 
team is using the data to evaluate the 

source-term consequences of postulated 
accidents. So far, we are considering five 

non-LWR reactor types: (1) the fluoride salt-
cooled high-temperature reactor (FHR), (2) the high-temperature gas-cooled 
reactor (HTGR), (3) the fast-spectrum heat pipe reactor (HPR), (4) the sodium 

fast reactor (SFR), and (5) the molten salt reactor (MSR).  

For the FHR, the prototype chosen was the Berkeley Mark 1. The Pebble Bed 
Modular Reactor (PBMR)-400 was chosen as the HTGR prototype, Idaho 
National Laboratory (INL) Design A was chosen as the HPR prototype, the 

Molten Salt Reactor Experiment (MSRE) was the chosen prototype for MSRs, 
and the SFR prototype is yet to be determined. 

 

Figure 1. SCALE production 

coordinator, clearing brush on his 
property: a fun, COVID-friendly 
activity. 

mailto:scalehelp@ornl.gov
https://www.ornl.gov/scale
https://www.nrc.gov/docs/ML1909/ML19093B404.pdf
https://www.nrc.gov/docs/ML1909/ML19093B404.pdf
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Planning is underway to develop ORIGEN reactor libraries 
and ORIGAMI methodologies for each design. For pebble-

based systems (HTGRs/FHRs), a strategy has been 
established for determination of the equilibrium core. 
The first NRC staff workshop (held May 11ς12) covered 
the HPR and HTGR. The NRC staff workshop for the FHR 

will be held in August. Public workshops for all three 
reactor types (HPR, HTGR, FHR) are being held in June, 
July, and August, after which we will turn our efforts to 
the MSR and then finally the SFR. 

HALEU/HBU/ATF Analysis Activities 

At this writing, this phased activity has produced several 
reports to address High-Assay Low-Enriched Uranium 

(HALEU) Impact on Storage and Transport Criticality, 
Isotopic and Fuel Lattice Parameter Trends in Extended 
Enrichment and Higher Burnup (HBU) LWR Fuel, and 
Extended Enrichment Accident-Tolerant Fuel (ATF) 

Isotopic and Lattice Parameter Trends for LWRs. The 
focus of the NRC HALEU/HBU/ATF code preparedness 
effort is to assess SCALE for potential confirmatory 

analysis of this type of new fuel and to familiarize NRC 
staff members with what they may see in the future. This 

effort also includes training on how these packages 
impact storage configurations, the effects of increased 

enrichment, and whether the benchmark criticality 
experiments identified are sufficient for computer code 
validation. Scenarios were evaluated to discern optimum 
moderation and geometric configurations. Publicly 

available package designs and their associated data were 
used for this work. The nuclear industry has achieved 
high capacity factors and has increased electrical output 

through measurement uncertainty recapture (MUR: <2% 
increase in power), stretch power uprates (SPUs: typically 
up to 7% increase in power), and extended power 

uprates (EPUs: up to 20% increase in power). It may be 

possible to increase flexibility and efficiency by allowing 
for increased enrichment and higher discharge burnups. 
ATF work is currently focused on assessing near-term 

concepts for chromium-coated clad, chromium-doped 

fuel, and FeCrAl cladding. The SCALE validation basis 
continues to expand as new benchmarks are made 

available and analysis efforts are prioritized. The reports 

and links to the supporting input/output files can be 
found in the references section on our website, and they 
are also listed here for convenience. 

Robert Hall, B.J. Marshall, William A. 
Wieselquist, Assessment of Existing Transportation 

Packages for Use with HALEU, ORNL/TM-2020/1725, UT-
Battelle, LLC, Oak Ridge National Laboratory (September 
2020). [supporting files] 

Robert Hall, Ryan Sweet, Randy Belles, and William A. 

Wieselquist, Extended-Enrichment Accident-Tolerant 
LWR Fuel Isotopic and Lattice Parameter 
Trends, ORNL/TM-2021/1961, UT-Battelle, LLC, Oak Ridge 
National Laboratory (March 2021). [supporting files] 

Riley Cumberland, Ryan Sweet, Ugur Mertyurek, Robert 

Hall, and William A. Wieselquist, Isotopic and Fuel Lattice 
Parameter Trends in Extended Enrichment and Higher 

Burnup LWR Fuel Vol. II: BWR Fuel, ORNL/TM-
2020/1835, UT-Battelle, LLC, Oak Ridge National 
Laboratory (March 2021). [supporting files] 

Robert Hall, Riley Cumberland, Ryan Sweet, and William 

A. Wieselquist, Isotopic and Fuel Lattice Parameter 
Trends in Extended Enrichment and Higher Burnup LWR 
Fuel Vol. I: PWR Fuel, ORNL/TM-2020/1833, UT-Battelle, 

LLC, Oak Ridge National Laboratory (February 2021). 
[supporting files] 

Our work with NCSP has focused on extending our 
criticality safety validation database and making this high-

quality database openly available to all users. SCALE team 
members are also contributing to new International 
Criticality Safety Benchmark Evaluation Project (ICSBEP) 

benchmarks, reviewing critical experiments, and even 

designing new ones. We are especially excited about 
elevated temperature benchmarks, which should provide 
valuable validation data for thermal scattering law data 

and Doppler broadening methods used in Monte Carlo 

codes.  

SCALE Development 

In February of 2021, the addition of new features to 

SCALE 6.3.0 was halted. An integrated SCALE manual is 
now in the repository to serve as an online and PDF 
version. The team is working on surveying and improving 

SCALE performance, as discussed in more detail in this 
newsletter. In addition to the new features in SCALE 
6.3.0, more than 100 minor fixes/improvements have 
been made to the codebase since SCALE 6.2.4τthe final 

release in the 6.2 series. 

https://www.osti.gov/biblio/1731046
https://www.osti.gov/biblio/1731046
https://code.ornl.gov/scale/analysis/haleu_packages/-/releases/ORNL%252FTM-2020%252F1725
https://www.osti.gov/biblio/1783010
https://www.osti.gov/biblio/1783010
https://www.osti.gov/biblio/1783010
https://code.ornl.gov/scale/analysis/atf-latt-phys/-/releases
https://www.osti.gov/biblio/1782042
https://www.osti.gov/biblio/1782042
https://www.osti.gov/biblio/1782042
https://code.ornl.gov/scale/analysis/haleu-hbu-latt-phys/-/releases
https://www.osti.gov/biblio/1779134
https://www.osti.gov/biblio/1779134
https://www.osti.gov/biblio/1779134
https://code.ornl.gov/scale/analysis/haleu-hbu-latt-phys/-/releases
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Outlook 

Like many of our users and colleagues, the majority of the 

SCALE team has been working from home for more than 
a year now. We are beginning to return to the office at 
least part time in June and July. Our upcoming SCALE 
¦ǎŜǊǎΩ DǊƻǳǇ aŜŜǘƛƴƎ ƛǎ ƻƴ ǘƘŜ ŎŀƭŜƴŘŀǊ ŦƻǊ !ǳƎǳǎǘ пς6, 

2021, and a non-LWR workshop will be held as part of the 
International Conference on Mathematics and 

Computational Methods Applied to Nuclear Science and 
Engineering (M&C) 2021 conference. We hope to see 

you there! 

SCALE Website Update 

The SCALE website has been refreshed with a new layout, 

as shown in Figure 2 below.  

 

Figure 2. New website layout. 

The main goal for this rework was to enable new landing 

pages for SCALE releases and useful reference material. 
The releases page (https://www.ornl.gov/scale/releases) 

provides links to the SCALE ǾŜǊǎƛƻƴΩǎ ƭŀƴŘƛƴƎ ǇŀƎŜΦ ¢ƻ 

optimize maintenance efforts, the first thing we will do 
with a potential discrepancy is to verify that the issue still 
exists in the latest production release. If the issue does 
not exist in the latest production release, then we may 

ask you to upgrade to this version, and we will only 

minimally look into the issue further. This process will 

also affect how we document issues. We will only 
formally document minor issues for the latest production 

release. Significant issues will continue to have the extent 
of their condition investigated for many SCALE versions. 

When v6.3.0 is released, the v6.2.4 landing page will 

ƛƴŎƭǳŘŜ ŀ ōŀƴƴŜǊ ŀǘ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ǇŀƎŜ ǎǘŀǘƛƴƎΣ άThis 
ǾŜǊǎƛƻƴ ƛǎ ƴƻ ƭƻƴƎŜǊ ǎǳǇǇƻǊǘŜŘέ (Figure 3). This means 

that we will no longer update the webpage with any 

newly discovered discrepancies in the v6.2 series, and we 
encourage all users to upgrade to SCALE v6.3.0. We will 
continue to support users with questions about the v6.2 
series, but support for verifying and fixing discrepancies 

will only apply to the latest production release. Starting 

with SCALE v6.3.0, we will maintain a list of known 

discrepancies on the v6.3.0 version landing page as they 
are found. When we release the v6.3.1 maintenance 

update, we will explicitly note which discrepancies were 
fixed and which ones remain. For example, we may 

https://www.ornl.gov/scale/releases
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choose not to fix minor issues with a clear workaround 
until the next major release (v7.0.0). Hopefully this 

approach will give current and potential users an easy 
way to check the contents of a release to see if it meets 
their needs.  

 

Figure 3. Release unsupported message. 

The other important page added to the website is the 
άwŜŦŜǊŜƴŎŜǎέ ǘŀō όFigure 4). From this point forward, this 
part of the website will list publications authored by 
SCALE team members that document the development or 

application of SCALE capabilities. 

 

Figure 4. References tab. 

Publications will be listed by topic area (Figure 5). As 

shown in the screenshot of the Criticality Safety page 
below, relevant documents will be organized by year of 
publication and will be linked on https://www.osti.gov/. 

For key ORNL reports, links to supporting filesτtypically 
all the model inputs and outputs that facilitated an 

analysisτwill be included. This will provide the SCALE 
user community with easier access to high-quality models 
to use as starting points for their own analyses. 

We are aware that this is a significant change to the 

website, and if we have not preserved some important 
content for you as a SCALE user, please let us know by 
sending an email to scalehelp@ornl.gov. 

Development of ORIGEN Reactor 
Libraries for HTGRs 

As part of a larger NRC-funded effort focused on 
quantifying severe accident source terms for non-LWRs, 
ORNL staff members have been using SCALE to model 

and evaluate several advanced reactor systems based on 

open literature concepts. 

One such reactor system is the PBMR, a Generation IV 
concept based on continuous circulation of graphite-

based pebbles composed of microscopic tristructural 
isotropic (TRISO) fuel particles. These TRISO fuel particles 
consist of a uranium oxide fuel kernel surrounded by 

layers of silicon carbide and graphite which serve as a 
fission product barrier and buffer. A key advantage of the 
TRISO fuel concept is its inherent safety features, 
including strongly negative temperature feedbacks and 

excellent fission product retention capabilities. The PBMR 

concept has a long pedigree that stretches back to the 
German AVR reactor, and it also draws from features of 
the prismatic block HTGR concepts developed in the 

United States. Although no commercial-scale PBMR units 
currently exist, some of the more well-known HTGR 
examples include the HTR-10 research reactor in China, 

as well as the proposed (and later abandoned) PBMR-400 
project in South Africa, a 400 MW pebble bed design 
using low-enriched uranium fuel and designed to achieve 
very high fuel burnups (~90,000 megawatt days [MWd]/  

metric tons of initial heavy metal [MTIHM])τnearly 
double the average burnup of conventional LWRs. 

Though it was never constructed, the PBMR-400 lives on 

as an international reactor physics benchmark (Figure 6).  

 

 

mailto:scalehelp@ornl.gov
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Figure 5. Publications by topic area. 
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Figure 6. PBMR400 model. 

It is the basis of a current effort to determine how to 

develop future ORIGEN reactor data libraries to 
accommodate the unique features of this design. Some of 
the more prominent modeling challenges center around 
accounting for the continuous flow of pebbles through 

the core, which is further complicated by the fact that 
pebbles are irradiated in multiple passes through the 

core. The goal is not to reinvent decades of methods 
development to describe the physics of the core 

evolution toward an equilibrium, but rather to develop a 
rigorous means of developing reactor libraries that can be 
used to rapidly estimate pebble isotopic inventories with 

the same ease and relative accuracy that the present 
suite of ORIGEN reactor data libraries provides.  

Given the substantial differences between the PBMR and 
LWR cores, much of this effort involves characterizing 

appropriate dimensions for which library interpolation 

parameters will be defined. Users of ORIGEN are no 
doubt familiar with the traditional parameters used for 

library interpolation, such as initial enrichment, average 
moderator density, burnup for uranium oxide fuel, fissile 
plutonium content, and total plutonium fraction for 
mixed-oxide fuels. As we continue to apply SCALE tools to 

a broader class of reactors, its capabilities will continue to 
expand. In the case of non-LWR systems, this means 
generalizing the approach to handle reactor data library 
interpolationτa feature planned for the SCALE 7.0 series. 

The findings of this study will be released in a 
fortƘŎƻƳƛƴƎ hwb[ ǘŜŎƘƴƛŎŀƭ ǊŜǇƻǊǘΣ ά!ǎǎŜǎǎƳŜƴǘ ƻŦ 

ORIGEN Reactor Library Development for Pebble-Bed 

Reactors Based on the PBMR-плл .ŜƴŎƘƳŀǊƪΦέ 

SCALE Modeling of Fluoride-Saltς
Cooled High-Temperature  
Gas-Cooled Reactors 

An FHR combines the HTGR fuel form with liquid fluoride 

salt coolant in a graphite-moderated environment. A 
pebble-bed FHR has a core filled with a large amount of 
graphite moderator and fuel pebbles surrounded by 

graphite reflector structures (Figure 7). Like an HTGR, the 

fuel pebbles contain thousands of TRISO particles 
distributed in a graphite matrix. However, the pebbles in 
an FHR are significantly smaller at ~3 cm diameter, and 
the fuel particles within the pebble are tightly packed in a 

spherical shell that is 1.5 mm thick (Figure 8). 

Current FHR modeling efforts with SCALE are supporting 
NRC-sponsored projects for nuclear data performance 

assessment and for the generation of nuclide inventory 
for severe accident analysis. In preparation for full core 
multigroup (MG) calculations, the performance of 

{/![9Ωǎ doublehet approach for MG calculations for 

particles placed in shells was verified through 
comparisons with continuous-energy (CE) calculations. 
(Note that significant verification has already been 

performed for spheres.) TRITON/KENO-VI depletion 
calculations for an infinite lattice of fuel pebbles with 

reflective boundary conditions were compared for the 

following models: (1) an MG model using the doublehet 

treatment for the self-shielding calculation, (2) a CE 
model with TRISO particles placed in a square lattice, 
allowing particle clipping, (3) a CE model with TRISO 
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Figure 7. SCALE model of the  
UC Berkeley pebble-bed FHR. 

 

Figure 8. SCALE model of an FHR fuel pebble with  
TRISO particles randomly distributed. 

particles in a square lattice, avoiding particle clipping, and 

(4) a CE model with TRISO particles randomly distributed 
in the fuel region, avoiding particle clipping. The fuel 
mass in these models was identical, and a CE model (4) 

was taken as reference, as it seemed to be the closest to 

reality. Very good agreement was obtained for keff 
between the MG calculation and the CE reference, with 
differences smaller than 300 pcm throughout depletion. 

Models (3) and (4) showed excellent agreement, with 

differences smaller than 60 pcm. It was noted that 

particle clipping caused a bias of up to 500 pcm. With 
respect to the variation of nuclide mass content during 

depletion, very good agreement was observed among all 
CE calculations. The MG calculation resulted in 

differences smaller than 3.5% for all relevant observed 

nuclides. 

Based on the good performance of the MG treatment for 
this type of fuel pebble, modeling efforts began for the 
University of California Berkeley pebble-bed FHR. The 

goal is to estimate a realistic nuclide inventory for an 

equilibrium state of the reactor, considering that the 
pebbles travel multiple times through the reactor before 

they reach their final discharge burnup. Initially, a 

simplified approach was used to obtain representative 
nuclide inventories for a model that will be used in 
nuclear data sensitivity and uncertainty calculations. This 

study is ongoing, and results will be published later this 

year in a technical report. 

SCALE Modeling of the Fast-Spectrum 
Heat Pipe Reactor 

As part of the severe accident analysis collaboration with 
SNL and the NRC, SCALE models were developed for a 

fast-spectrum heat pipe reactor (Figure 9). These models 
were based on the INL Design A concept, which is an 

alternative design to the Los Alamos National Laboratory 
(LANL) Special Purpose Reactor, also known as the Mega-

Power Reactor. The original model contains 1,134 heat 
pipes with a potassium working fluid. The heat pipes are 
surrounded by hexagonal fuel elements, and the fuel is 

UO2 with 19.75 wt% 235U enrichment. The model contains 
axial BeO reflectors above and below the active fuel 
region, along with a radial alumina reflector containing 
twelve B4C control drums. The center of the core is left 

unfueled to make room for two shutdown control rodsτ
one annular and one solid. The active region of the core 

was discretized into twenty axial and five radial zones to 

analyze spatial variations in power and burnup.  

Infinite lattice unit cell sensitivity studies were used to 
perform verification between the SCALE and INL models. 
The results agreed well: the reported eigenvalues were 
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within roughly 50 pcm for these unit cell models. 
Full-core model verification was also performed to 

analyze system eigenvalues with differing configurations 
of control drum and shutdown rod positions. All of these 
full-core results had eigenvalue differences of less than 
190 pcm. Control drum and shutdown rod worths were 

also compared, and the results showed differences of 
3.5% or less. Now that the model has been verified, it is 
being used to provide isotopic inventories and decay heat 
to SNL as input to the MELCOR severe accident code to 

analyze potential releases from this reactor design. 

 

Figure 9. SCALE model for heat pipe reactor. 

SCALE 6.3 Nuclear Data Updates 

The SCALE 6.3 release includes a new release of the 

SCALE data. This release includes new Evaluated Nuclear 

Data File (ENDF)/B-VIII.0 data and updated ENDF/B-VII.1 
data, and the ENDF/B-VII.0 data have been removed. The 

National Nuclear Data Center released the ENDFB-VIII.0 
evaluated data in February 2018. ORNL performed 
processing and extensive testing before and after the 

ENDF/B-VIII.0 data library release [1] [2]. The latest ENDF 
release contains neutron cross section data for 556 

isotopes, including metastable targets, as well as 34 
thermal scattering law evaluations, including multiple 
versions of graphite and hydrogen bound in ice. Under 
the direction of the Collaborative International Evaluated 

Library Organisation (CIELO) project, the ENDF/B-VIII.0 
data contain significant updates to 1H, 16O, 56Fe, 235U, 238U, 
and 239Pu [3]. The ENDF/B-VIII.0 data also include 
important thermal scattering law changes, such as new 

evaluations for crystalline graphite and two different 
porosities of reactor grade graphite [4]. 

There are two new SCALE MG library structures available 

for the ENDF/B-VIII.0 and ENDF/B-VII.1 data. A new very 
fine group library was added consisting of a 1,597-group 
structure based on the Analytical Methods Nuclear Cross-
Section Processing Computer Code System (AMPX) 252-

group structure and MC2-3 ultra-fine group structures [5]. 
The energy range from 0.1 keV to 20 MeV was divided 
into 1,323 groups, each of which has an equivalent 

lethargy width of , to represent broad resonances of 

intermediate-weight nuclides explicitly. The energy range 

from 10ҍ5 eV to 0.1 keV is represented by 274 groups 
based on the AMPX 252-group structure. The boundaries 

of the 1,597-group library were chosen such that the fine 
groups can be collapsed directly onto the 252-group 
structure. 

In addition, a new 302-group library was added for the 

analysis of SFR systems. The base weighting function for 
processing the MG data was taken as the neutron flux of 
a volume-homogenized SFR fuel assembly computed by 

the point-wise transport code Continuous Energy 

Transport Module (CENTRM). The fuel assembly model 

was generated corresponding to the specifications of the 

large oxide core (MOX3600), defined within the 
Organisation for Economic Co-operation and 
Development (OECD)/ Nuclear Energy Agency (NEA) 
Benchmark for Uncertainty Analysis in Modelling (UAM) 

for Design, Operation and Safety Analysis of SFRs [6]. 

The 302-group structure was developed based on group 

structures optimized for fast spectrum systems used in 
the DOE Office of Nuclear Energy (NE) Advanced Reactor 

Technologies (ART) program, and in particular, the MC2-3 
code [5]. Boundaries of the 425-group structure were 
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added to the 230-group structure to include a finer 
resolution of resonances in the fast energy range. The 

group structure below 10 eV has been slightly modified 
from the original Argonne National Laboratory (Argonne) 
structures in order to match group boundaries of the 
1,597-group library. In contrast to the 252-group library, 

group-dependent intermediate resonance (IR) 
parameters (lambdas) are not included, and Bondarenko 
factors were exclusively computed using the narrow 
resonance (NR) approximation for the flux spectrum for 

all nuclides. The 302-group library was developed and 
tested with a focus on the models defined within the 

OECD/NEA UAM SFR benchmark [7]. For the application 

of this library to other SFR or fast spectrum systems, 
validation with corresponding CE and 1,597-group 
calculations is recommended. 

The ENDF/B-VIII.0 data were processed to generate both 

CE and MG libraries for SCALE. The CE data are available 
for both incident neutrons and gammas and are deployed 
in HDF5 format rather than the legacy binary format. The 

new HDF5 directory file for the CE libraries follows the 
usual SCALE convention: ce_v8.0_endf. The MG libraries 
for incident neutrons were processed analogously to their 

respective ENDF/B-VII.1 counterparts. Please note that 

the ENDF/B-VIII.0 versions of the MG libraries have 
additional isotopes and thermal moderators that are not 
available in ENDF/B-VII.1. The ENDF/B-VIII.0 MG libraries 
in SCALE include 1,597-, 302-, and 252-group libraries. 

Like its ENDF/B-VII.1 counterpart, the ENDF/B-VIII.0 
1,597-group library (v8.0-1597) is quite large due to the 
large number of groups. As in the ENDF/B-VII.1 library, 

the ENDF/B-VIII.0 302-group library (v8.0-302) is intended 
for analysis of SFR systems. Furthermore, as in the 

ENDF/B-VII.1 library, the ENDF/B-VIII.0 252 group library 

(scale.rev01.xn252v8.0) is best suited for criticality safety 

and reactor physics applications. As with the ENDF/B-
VII.1 library, this library was processed using temperature 
and Z-dependent fluxes taken from a series of 

representative lattice cell calculations. The ENDF/B-VIII.0 
covariance data (scale.rev01.56groupcov8.0) were 

processed into the same 56-group format as the 
ENDF/B-VII.1 data. Additionally, the ENDF/B-VIII.0 

covariance data contain correlations that are not present 
in the original ENDF/B-VIII.0 data; these correlations 
represent our best estimate of integral information 

missing from the covariance provided in the released 
ENDF library [8]. 

Two coupled MG libraries were added to support coupled 
όƴΣʴύ ǊŜŀŎǘƻǊ ǇƘȅǎƛŎǎ ŎŀƭŎǳƭŀǘƛƻƴǎ ǿƛǘƘ tƻƭŀǊƛǎ [9]. The 
mg_252n_47g library contains the exact same neutron 
data as the neutron-only 252 group library 

(scale.rev05.xn252v7.1), with the addition of yield and 
gamƳŀ Řŀǘŀ ǘƻ ǎǳǇǇƻǊǘ ŎƻǳǇƭŜŘ όƴΣʴύ ŎŀƭŎǳƭŀǘƛƻƴǎΦ ¢ƘŜ 
mg_252n_47g library uses the usual 47 group gamma 
structure (identical to the gamma structure of 

scale.rev13.xn200g47v7.1). Similarly, the mg_56n_19g 

library contains the exact same neutron data as the 

neutron-only 56 group library (scale.rev04.xn56v7.1), 

with the addition of yield and gamma data to support 
ŎƻǳǇƭŜŘ όƴΣʴύ ŎŀƭŎǳƭŀǘƛƻƴǎΦ ¢ƘŜ mg_56n_19g library uses 
the usual 19 group gamma structure (identical to the 
gamma structure of scale.rev12.xn28g19v7.1). Since the 

coupled libraries contain identical neutron data as their 
neutron-only counterparts, neutron transport should be 
identical when using the coupled or neutron-only version 

of each library structure.  

The most significant change in the ENDF/B-VII.1 data is in 

the unresolved resonance region. An incorrect 
assumption in AMPX about the interpretation of the 

unresolved resonance region data in some ENDF/B data 
files resulted in a bias of up to ~500 pcm for fast systems 
in calculations with both CE and MG libraries with the 
SCALE 6.2 series. AMPX was corrected to interpret the 

ambiguous ENDF definition as intended, and the latest 
ENDF/B-VII.1 and ENDF/B-VIII.0 CE and MG libraries to be 
distributed with SCALE-6.3 were generated with 

probability tables that were normalized correctly for all 
isotopes. Due to this change in the probability table 
treatment, the largest resulting keff change in the Verified, 

Archived Library of Inputs and Data (VALID) suite was 

observed for ICSBEP benchmark cases MCF-005-001 and 
MCF-006-001, in which the corrected probability tables 
decrease the predicted keff by roughly 350 pcm [10]. The 

impact of this change is negligible for thermal systems. 
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SAMPLER News, SCALE 6.3 

New Features: Kinetics Data Perturbations 

One of the most important aspects of nuclear safety 

analysis is the kinetics behavior (e.g., beta-effective 
analysis). Similar to few-group cross sections, the kinetics 

parameters used in core calculations include 

uncertainties that originate from the measured nuclear 
data. A new SCALE kinetics data library and an associated 
1,000 perturbed kinetics data libraries were generated to 
allow SAMPLER to propagate kinetics data uncertainties 

to subsequences. A SAMPLER parameter data block was 

expanded to allow for optional kinetics data 
perturbations through the new perturb_kinetics keyword. 
¢ƘŜ άǇŜǊǘǳǊōψƪƛƴŜǘƛŎǎҐȅŜǎέ ŀƴŘ άǇŜǊǘǳǊōψȄǎҐȅŜǎέ ǎƘƻǳƭŘ 

be used together to ensure that all kinetics parameters 
are perturbed consistently.  

Various Bug Fixes 

CENTRM-Processed Libraries Cause Inconsistent 
Variations in TRITON/MG KENO Depletion Results 
Using SAMPLER, the TRITON/MG KENO (T6-DEPL) 
depletion sequence generated MG perturbed libraries 

that demonstrated a considerably smaller keff standard 
deviation compared with keff standard deviation at time = 
0. An investigation showed that the inconsistent results 
are only observed when CENTRM is used for cross section 

processing. In addition to perturbed MG libraries, 
SAMPLER also generates consistent CENTRM-specific 

perturbed libraries. The sudden reduction in the variation 
of depletion results is caused by erroneously deleted 

CENTRM-specific perturbed libraries after the first set of 
calculations at time = 0. This behavior is specific to 
TRITON/MG KENO realizations under SAMPLER and was 

resolved by implementing more robust file handling. This 

has been fixed in SCALE 6.3.0. 

Variable Response Table Reports Wrong Dependent 
Variable Values for Parametric Studies 
In one parametric study, the response table displayed 
different values than those used in the perturbed input 

files if users requested a dependent variable as a 
response. Although the correct variables are used in the 

perturbed input files, the incorrect response table entries 
can affect analysis results unless the user globally 
searches for a regular expression and prints (i.e., greps) 
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the matching lines for the correct values from the input 
files.  

The discrepancies in the response table for dependent 
variables are caused by inconsistently sampling variables 
during response generation. Because SAMPLER can be run 
in two independent executionsτinput generation and 

output processingτthe perturbed variables used in input 
generation are not preserved. These variables are sampled 
when requested by users as a response during 
postprocessing. However, the resampling of variables was 

inconsistent with the parametric study, and incorrect 

values were generated. This has been fixed in SCALE 6.3.0. 

SCALE Multithreading Does Not Work with SAMPLER on 
Mac or Windows  
Certain applications within SCALE support multithreading, 
which is enabled by using the -I option when launching 
jobs from the command line. SAMPLER is one of those 

applications, and the capability is functional on the Linux 
operating system. However, despite the appearance of 
launching simultaneous jobs, each job is run sequentially 
on Mac and Windows. This has been fixed so that 

threading works on all platforms in v6.3.0. 

HALEU 

Commercial LWR operators and fuel vendors in the 
United States are pursuing changes to reactor fuel, such 

as increased enrichment and ATF designs. The 
enrichments under consideration are between 5 and 10% 
235U, a range which is a subset of HALEU fuels. ATF 
featuresτincluding coated clad, doped UO2, and FeCrAl 

cladτare designed to improve fuel system performance 
under accident conditions. With extended enrichment 
(EE), fuel cycle economics can be improved if fuel can be 

licensed for higher burnup than typical current limits 

(e.g., 62 GWd/MTU maximum for fuel pin). The adoption 
of EE fuels, ATFs, and high-burnup fuels in the US 
commercial fleet requires a clear understanding of the 

effects on core physics parameters and used fuel isotopic 
content, as well as confidence in the accuracy of computer 

code predictions over an expanded range of materials, 

enrichment, and burnup. Studies are ongoing at ORNL to 
address these challenges. Phase 1 of these studies was 
completed for lattice physics parameters and used fuel 
isotopic changes for a conventional 17 × 17 pressurized 

water reactor (PWR) design and a conventional 10 × 10 

boiling water reactor (BWR) design. In addition to 
conventional UO2 fuel with Zircaloy clad, new ATF 

concepts were also investigated. Key quantities of 
interest include (1) lattice physics parameters (reactivity, 
reactivity coefficients, power and distributions, cross 
sections, and kinetics parameters), (2) isotopic inventory 

at various decay times, (3) neutronic similarity in spent 
fuel pool storage, and (4) uncertainty in kinf that arises 
directly from cross section uncertainties and indirectly 
from uncertainties in the discharged isotopic content. 

Calculations were performed using the pre-release of 
SCALE 6.3 Polaris and ORIGEN computer codes. As 

examples from these studies, Figure 10 shows a reactivity 

difference for Cr-coated BWR ATF compared to the 
conventional BWR design for both dominant (DOM) and 
vanished (VAN) lattices, and Figure 11 shows the decay 
heat difference compared to 60 GWd/MTU 5 wt % PWR 

fuel when higher enrichment and burnup are used. 

 
Figure 10. Reactivity difference for Cr-coated BWR ATF. 

 
Figure 11. Decay heat difference from 60 GWd/MTU  
5 wt % PWR case. 
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No unexpected or anomalous trends were found, 
ensuring the adequacy of the Polaris code when using 

SCALE 56-group ENDF/B-VII.1 cross sections for depletion, 
lattice physics, and isotopic content calculations of the 
analyzed fuel type and lattice designs.  

Assessment of Existing Transportation 
Packages for Use with HALEU 
(ORNL/TM-2020/1725) 

Commercial LWR operators and fuel vendors in the 
United States are pursuing changes to fuel, including 

increased 235U enrichment. Economic studies generally 

anticipate maximum near-term fuel assembly designs 
with up to 8 wt% 235U. Many next-generation nuclear 
reactor designs require HALEU (19.75 wt% > 235U > 5 wt%) 
fuel. One necessary element for the commercial-scale use 

of HALEU is the ability to safely transport large quantities 
of enriched fuel material in multiple forms, but it is 
uncertain whether subcriticality requirements can be 

satisfied with existing package designs and whether 
existing critical benchmark experiment data are sufficient 
to support criticality safety code validation for HALEU 

transportation applications. 

The study assesses the potential to use currently licensed 
transportation packages for the transportation of 
increased enrichment, unirradiated U fuel forms. The 
assessment analyzed selected package designs 

representing five categories of fuel formτBWR pins and 
assemblies, pressurized water reactor pins and 
assemblies, UF6, U-metal and TRISO particles, and UO2 

pellets or powder. The analysis focused on demonstrating 
subcriticality and identifying the benchmark critical 
experiments appropriate for use in criticality computer 

code validation. 

Key quantities of interest for subcriticality are limiting 
conditions (e.g., optimum moderation), package or 
package array keff, package capacity, and package 

transportation array size. A KENO-VI model for a cube-

shaped package designed to transport uranium oxide in 
powder or pellet form is illustrated in Figure 12. The 

SCALE TSUNAMI-3D and TSUNAMI-IP codes were used to 

perform sensitivity and uncertainty calculations and to 
identify candidate critical benchmark experiments for 
code validation. The similarity coefficient ck was the 

metric used to identify candidate benchmarks. The ck for 
a Traveller package is shown in Figure 13. 

A representative package was evaluated for each fuel 
form category. The results for each package evaluation 
include enrichment and packaging limits (e.g., maximum 
transportation array size as a function of enrichment) and 

benchmark critical experiment similarity coefficients. The 
results show that there are viable means for increasing 
enrichments into the HALEU range across the spectrum of 
fuel forms with differing amounts available for different 

packages. Sources of subcriticality margin to offset 

increased enrichment reactivity include reduced 

transportation array size, reduced fissile mass, burnable 

absorber credit, and safety analysis margin harvesting. 
Numerous critical benchmark experiment candidates for 
validation were identified for all packages except  
the DN-30. 

 

Figure 12. KENO-VI model of CHT-OP-TU array. 

 

Figure 13. ck for TN-B1 with 8 wt% UO2  
and 24 Gd rods /assembly 

https://info.ornl.gov/sites/publications/Files/Pub146915.pdf
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Criticality Safety Validation  
with VADER 

Validation and Data Evaluation Resource (VADER) is the 

successor code to USLSTATS, an upper subcritical limit 
(USL) statistical program. It maintains all of the 

functionality of the USLSTATS software and adds new 
features, methods, and tests. 

±!59wΩǎ Ƴŀƛƴ ǳǎŜǊ-facing change is the implementation 
of the new input format available with SCALE object 
notation (SON). The SON format is free form and can be 

checked easily on the fly with the SCALE graphical user 

interface (GUI) Fulcrum. Using SON-formatted input 
makes it much easier to add new features while 
preserving backwards compatibility in the future. An 

example of the VADER input in Fulcrum is shown in Figure 
14 below. 

 

Figure 14. Vader input. 

In addition to the methods and tests supported in 

USLSTATS, VADER adds several new methods, including 
single-sided lower tolerance band, historical 
nonparametric/parametric, and weighted versions of 
all tests. 

Like ULSTATS, VADER also supports the chi-squared 
normality test, and it also allows users to change the test 

parameters. Furthermore, the development team plans 
to implement a variety of new normality tests, including 
trend significance testing. Well-known tests such as the 
AndersonςDarling and the ShapiroςWilk tests are being 

implemented. 

VADER supports reading the USLSTATS legacy input 
format, allowing users to execute their existing USLSTATS 
inputs. However, new functionality is only available 

through the VADER sequence. Furthermore, VADER 

generates the plot files (see Figure 15), which is a familiar 

feature for USLTATS users. These types of plots show the 

trend lines, in addition to the user data used to construct 
the model. 

 

Figure 15. VADER plot. 

VADER development tasks are in progress to implement 
new features. In addition to the new tests to be added, 

planned features include histogram and QςQ plots for 
graphical normality assessment, extreme value theorem 

methods, correlated trending and non-trending methods, 
and single-sided statistics for reactor physics validation. 

SCALE 6.2.4 Validation for Criticality 
Safety Analysis  

The SCALE 6.2.4 validation report on criticality safety was 
generated based on high-quality models that cover a 
broad range of systems. These models were developed 
using the KENO V.a and KENO-VI codes. The report 

contains over 600 configurations based on 15 system 
categories from the ICSBEP Handbook [3]. These 

configurations are part of the SCALE validation suite, 
VALID, maintained at ORNL. Nuclear data used for this 

report include three MG librariesτ56-group neutron, 














